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The Arecibo 430-MBz radar  was used i n  the  velocity-azimuth display (VAD) 
mode t o  obta in  r a d i a l  veloci ty  measurements a t  16 azimuth d i rec t ions  from which 
the  three-dimensional wind f i e l d  and manentum f l u x  can be calculated.  The radar  
was operated on a nearly continuous bas is  f o r  a seven-day period i n  May of 1982 
and the  elapsed time between s t a r t  and f i n i s h  of a VAD scan was approximately 35 
minutes. Radial v e l o c i t i e s  were measured i n  the upper troposphere and lower 
s t ra tosphere  (6-24 km) with a t  height resolut ion of 150 meters a t  a zeni th  angle 
of 15 deg. 
Ver t i ca l  and hor izonta l  v e l o c i t i e s  a r e  calculated from the sums and 
di f ferences ,  respect ively ,  of r ad ia l  veloci ty  pai rs ,  i.e., a t  azimuth d i rec t ions  
AZ and AZ + 180 degrees. Momentum f lux  a t  a pa r t i cu la r  azimuth is calcula ted by 
taking the  di f ference between the square of r ad ia l  v e l o c i t i e s  a t  AZ and AZ + 180 
degrees i n  a manner f i r s t  described by VINCENT and REID (1983). It should be 
noted t h a t  measurements of r a d i a l  veloci ty  p a i r s  a r e  not simultaneous but a r e  
time delayed by approximately 15-25 minutes. This period, the time required t o  
r o t a t e  the antenna feed and take measurenents a t  AZ and AZ + 180°, e f fec t ive ly  
l i m i t s  sampling of v e l o c i t i e s  and momentum fluxes to  longer period gravi ty  waves 
and planetary waves. In  the following presenta t ion only the r ad ia l  v e l o c i t i e s  i n  
t h e  p r inc ipa l  (zonal and meridional)  d i r e c t i o n s  have been used. Future ana lys i s  
w i l l  u t i l i z e  the f u l l  16-direction VAD from which the v e l o c i t i e s  and momentum 
f luxes  a r e  ca lcula ted by a l e a s t  squares f i t  method. 
Using theidormentioned technique v e l o c i t i e s  and momentum f luxes  have been 
calcula ted and spectra l ly  analyzed. Shown i n  Figures 1, 2 and 3 a r e  the time 
s e r i e s  over the seven-day period and calculated spectra of the hor izonta l  
(U = zoml ,  V meridional) ve loc i t i e s ,  v e r t i c a l  veloci ty  (W = v e r t i c a l ) ,  and 
momentum f luxes  (Z zonal, M meridional) ,  respect ively ,  a t  an a l t i t u d e  of 
14.49 km. Because of the gapped and unevenly spaced nature  of the ve loc i ty  time 
se r i e s ,  a DFT rout ine  was used t o  calcula te  the spectra. To obta in  an es t imate  
of the e r ro r  introduced by the  uneven spacing, a sinusoidal s ignal  composed of 
th ree  s ine  waves with periods of 36:1, 70 and 130 hours was spect ra l ly  analyzed 
a t  the same uneven time spacing and i s  displayed i n  Figures 1-3 by the dotted 
curve labeled "F"', The 38.1-hour period corresponds to  the i n e r t i a l  period a t  
Arecibo (18 deg , 21 min N). The two longer periods correspond t o  o s c i l l a t i o n s  
iden t i f i ed  i n  the zonal and meridional v e l o c i t i e s ,  most l i k e l y  planetary wave 
modes. The e f fec t  of the uneven spacing i s  t o  introduce s ign i f i can t  e r ro r s  
i n t o  the high frequencies (periods < 20 hours),  while lower frequencies a r e  
credible.  
Examination of the spect ra  i n  Figure 3 reveals  tha t  momentum f l u x  can be 
i d e n t i f i e d  with c e r t a i n  wave modes. In  pa r t i cu la r ,  the zonal momentum f lux  i s  
s ign i f i can t  a t  the i n e r t i a l  period with noticeable contributions a t  longer 
planetary wave periods. So f a r ,  only r e l a t i v e  amplitudes of the spec t ra l  
components of the  waves have been determined'; the uneven weighting of the gapped 
da ta  s e r i e s  makes absolute values  d i f f i c u l t  to  estimate u n t i l  the weighting 
funct ion i s  determined and deconvolved. 
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Figure 1 .  Zonal (U) and meridional (v) veloci ty  time ser ie s  
and spectra at 14.49 km. 
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Figure 2.  Vertical ve loc i ty  (W) time series  and spectra a t  14.49 km. 
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Figure 3. Zonal (z) and meridional (I) momentum f luxes  a t  14.49 h. 
Ckgoing ana lys i s  of t h i s  data set includes determination of the var ious  
wave modes by means of i d e n t i f i c a t i o n  of period, polar iza t ion of the hor izonta l  
wind, and v e r t i c a l  and hor izonta l  wavelengths. Estimates of the  magnitude of 
momentum f l u x  a t  these longer periods and colnparieon t o  momentum f luxes  a t  
shor te r  g rav i ty  wave periods obtained a f t e r  high pass f i l t e r i n g  w i l l  provide 
- 
i n s igh t  i n t o  the r e l a t i v e  contr ibut ions  by t h e  various modes. Studies of the 
v a r i a t i o n  of manentum f lux  wi th  height a t  var ious  periods w i l l  demonstrate which 
modes a r e  deposit ing momentum i n t o  the s t ra tosphere  and which a r e  r e l a t i v e l y  
. . -- t ransparent  t o  .the stratosphere.  
REFERENCE 
Vincent, R. A. and I. M. Reid (1983), HF Doppler measurements of mesospheric 
gravi ty  wave manenturn fluxea,  J. Atmos. Sci,, &Q, 1321-1333. 
